INTRODUCTION {#sec1-1}
============

In the last decade, self-etch adhesive systems have become increasingly popular. They combine the etchant and primer in one system, which reduces the application time and technique-related sensitivity.\[[@ref1]--[@ref3]\] Resin infiltration of the self-etch adhesives occurs concomitantly with demineralization of the dentin.\[[@ref3]\] Theoretically, the depth of demineralization and the depth of resin infiltration will be of the same dimension, as both processes occur simultaneously, but a recent study showed a partially demineralized and uninfiltrated dentin zone beneath the hybrid layer.\[[@ref4]\] Despite the simplicity and improved user-friendliness of one-step, self-etch adhesives, they have been shown to exhibit guarded laboratory and clinical performance as compared to that of multi-step adhesives.\[[@ref2][@ref4]\]

The primary aim of minimally invasive dentistry is to conserve as much tooth structure as possible. During the excavation of carious dentin, the emphasis is to remove only the outer layer of the highly infected, denatured caries-infected dentin, which preserves the inner layer of intact, bacteria-free remineralizable caries-affected dentin, and prevents disease progression.\[[@ref5][@ref6]\] With the advent of newer hydrophilic self-etch and total-etch adhesives, it may be possible to bond to and seal vital caries-affected dentin and isolate residual bacteria from any substrate that may be present in the oral fluids. This makes the bacteria to become dormant and allows dentinogenesis, thus, protecting the pulp.\[[@ref7]\]

The intrinsic weakness of caries-affected and caries-infected dentin may not be a clinical problem if there is normal dentin and / or enamel surrounding the excavated lesion that can provide high bond strengths with resin adhesives.\[[@ref8]\] Bonding of hydrophilic self-etch and total-etch adhesives with caries-affected dentin poses several potential problems.\[[@ref7][@ref9][@ref10]\] Caries-affected dentin is softer than normal dentin because it is partially demineralized.\[[@ref10]\] Carious intertubular dentin exhibits a higher degree of porosity than sound intertubular dentin and contains mineral crystals in the tubules.\[[@ref7][@ref9]\] This may permit the deeper etching of intertubular dentin, but it prevents resin tag formation during bonding.

The restoration and the teeth are unavoidably subjected to thermal and mechanical stresses because of the consumption of different food materials at varied temperatures and masticatory stresses. These stresses may negatively affect the resin dentin bond.\[[@ref11]--[@ref14]\] The present study was undertaken to evaluate the effect of the thermal and mechanical stresses on the marginal adaptation and microtensile bond strength of the total-etch and self-etch adhesives on carious dentin.

MATERIALS AND METHODS {#sec1-2}
=====================

Forty proximally carious human mandibular first molars, extracted due to periodontal reasons, were used in this study. The inclusion criteria were radiographic verification that the dentinal caries extended no further than the middle one-third of the dentin thickness, and some parts of the root remained in all the teeth. They were stored in 0.9% NaCl containing 0.05% sodium azide at 4°C, and used within one month following extraction. The roots of the samples were covered with an additional silicon, rubber-based impression material (to simulate a periodontal ligament) and were placed in an acrylic mold for better handling. Tooth preparation was done by a single operator to reduce inter-operator error.

Only in the Class II box, the cavities were prepared using round diamond points (FG-1/2, 1 Dentsply Co.), flat fissure diamond points (SF-41, ISO 190/010; Mani, Inc.), and tapered fissure burs (FG-271 Dentsply Co.) in an air-rotor hand piece (Super Torque, NSK), to expose a flat gingival surface of middle-to-deep dentin where the caries lesion was surrounded by normal dentin. The buccal-lingual width of the cavities was at least one-third of the intercuspal dimension, both occlusally and interproximally, and the gingival floor of the box only extended onto the dentin.

The entire flat surface was flooded with a Caries Detector solution to stain the lesion (Kuraray Medical Inc., Tokyo, Japan). Further reduction was performed with a \#245 carbide plain fissure bur (Midwest, Des Plaines, IL, USA) according to the combined criteria of: hardness to a sharp excavator, visual examination, and staining with the Caries Detector solution. The discolored, harder dentin that stained pink was classified as the caries-affected dentin. The surrounding, yellow, hard dentin was classified as normal dentin.

Twenty samples (Group I) were treated with a self-etching adhesive Adper Easy One (3M ESPE), according to the manufacturer\'s instructions, with a saturated microbrush, and rubbed for 15 seconds. After the adhesive had been applied, the surfaces were dried with oil-free, compressed air, which was delivered at 0.2 MPa from 5 cm above the dentin surface using a three-way syringe. A clear plastic matrix strip was placed. A nanohybrid restorative resin (Z 350 3M ESPE) was placed in the cavity in 2 mm increments. Each increment was cured for 20 seconds by a QTH (Vivadent) light cure unit. Curing was done initially from the occlusal direction and then from the buccal and lingual directions. After curing, the matrix strip was removed and the gingival margins contoured with a composite polishing kit (Shofu Co., Japan).

Another twenty samples (Group II) were etched with 35% phosphoric acid gel for 15 seconds and rinsed for 15 seconds, leaving a visibly moist surface. Two consecutive coats of Single Bond (3M ESPE) adhesive were applied and light-cured for 10 seconds. The composite build-up was done as described earlier.

Groups I and II were further divided into subgroups A and B as follows:

Subgroup A --- Without cyclic loading.

Subgroup B --- Ten samples from each group were subjected to thermocycling (5000 cycles, 5 ± 2°C to 55 ± 2°C, dwell time 30 seconds) and cyclic loading of 150,000 cycles at 60N (simulating six months of oral masticatory stresses).

Preparation of specimens for evaluation of marginal adaptation in a scanning electron microscope {#sec2-1}
------------------------------------------------------------------------------------------------

The gingival margins were cleaned with the help of 10% Orthophosphoric acid for 5 seconds to remove the debris over the margin. The samples were placed on standard half inch, pin-type aluminum stubs with the help of a carbon conductive double-sided adhesive tape (SPI Supplies^®^). The stubs were placed on the specimen chamber mounting table of the Scanning Electron Microscope (SEM) \[LEO VP 435 (Carl-Zeiss NTS Gmbh, Oberochen, Germany)\]. The gingival margin of the proximal box was evaluated at 200X magnification for marginal adaptation. The overall margin was investigated and the maximum marginal gap was measured. The margins were given scores on the basis of previously discussed criteria. The findings were recorded on a Microsoft Excel sheet \[Microsoft Office Excel 2003\].

Preparation of specimens and evaluation of microtensile bond strength (μTBS) measurement on a Universal Instron machine {#sec2-2}
-----------------------------------------------------------------------------------------------------------------------

Each tooth was vertically sectioned into two or three 0.8-mm-thick serial slabs by means of an Isomet saw, under water lubrication. The slabs were examined under a dissecting microscope to separate the slabs containing resin-bonded normal dentin from those that contained caries-affected dentin. This yielded about one slab each of bonded normal dentin (ND) and bonded caries-affected dentin (CAD) *per* tooth. The slabs were hand-trimmed into dumbbell-shaped specimens according to the technique for the microtensile bond test reported by Sano *et al*,. (1994), with the smallest dimension at the bonded interface representing the bonded tissue of interest. The trimmed specimens were mounted on a testing apparatus, the Universal Instron testing machine \[Zwick testing instrument (Zwick GmbH and Co., postf. 4350, D-7900u/m, Germany)\] with the help of a cyanoacrylate adhesive. The samples were stressed to failure at a crosshead speed of 0.5mm / minute. The tensile bond strength was calculated as the load at failure divided by the bonded area (1 mm^2^). The findings were recorded onto a Microsoft Excel sheet \[Microsoft Office Excel 2003\] for statistical evaluation, using the program SPSS 11.5 for Windows \[SPSS Inc., Chicago, IL, USA\].

RESULTS {#sec1-3}
=======

A descriptive analysis of microtensile bond strength was carried out for each of the variables of the four groups including the values for normal dentin and caries-affected dentin \[[Table 1](#T1){ref-type="table"}\]. The results were presented as Minimum, Maximum, and Mean ± Standard deviation. As the variables in this study followed the normal criteria, one way Analysis of Variance (ANOVA) was used for comparing these variables among the four groups. The significance between the individual groups was calculated, using a Post Hoc ANOVA test. A descriptive analysis of the marginal adaptation values was done for each of the variables of the four groups \[[Table 2](#T2){ref-type="table"}\]. As the values for marginal adaptation were described as categorical variables, categorical two-way tables, using proportions, were used to compare the variables among the four groups.
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Proportion of samples showing marginal gaps / voids
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DISCUSSION {#sec1-4}
==========

In the past decade, various bonding systems have been introduced. These can be classified under two simplified approaches: 'total-etch' (also known as 'etch and rinse') and 'self-etch' systems.\[[@ref2][@ref9][@ref14]\] The self-etch system was introduced to reduce technique sensitivity and it combined etching and priming in a single step.\[[@ref14]\] Etching and bonding is a complex procedure and involves the infiltration of resin monomers into demineralized dentinal tubules and collagen fibers.\[[@ref15]--[@ref17]\] If there is a mismatch in the extent of demineralization and resin infiltration, the demineralized and uninfiltrated dentin zone becomes the weak point of the bond, owing to hydrolytic degradation of the collagen, over time.\[[@ref17]\] Self-etch adhesives combine both hydrophilic and hydrophobic components, which present antagonistic properties. Therefore, single-step self-etching adhesives may form a hybrid layer with incomplete adhesive infiltration into the dentin substrate. The formed hybrid layer exhibits microscopic water-filled channels that allow water movement from the underlying dentin to the adhesive-composite areas, which may jeopardize the durability of the resin-dentin bonds.\[[@ref18]\] This is clinically significant, because the thermal and mechanical stresses will degrade the resin-dentin bonds and enable access for microleakage.\[[@ref4][@ref11]--[@ref14]\] If exposed collagen, which is not impregnated with resin infiltration, is thermally and mechanically stressed, hydrolysis may occur, leading to bond failure.

The resin-dentin interface is affected by various factors including, the cavity configuration (C-factor), dimensional changes of the restorative material (for example, polymerization shrinkage or thermal / hygroscopic expansion), thermal and mechanical stresses, and the type of adhesive system used.\[[@ref11]\] In the present study, an attempt was made to produce an identical cavity size to avoid the effect of cavity configuration. However, the extent of caries determined the final shape of the cavity, which may have caused small variations. Different adhesive systems were bonded to one resin-based composite material so as to minimize any differences from the use of specific or nonspecific restorative systems.

The clinical objective of restorative dentistry is to preserve as much of the sound tooth structure as possible.\[[@ref5][@ref6][@ref19]\] It is advisable to seal the caries-affected dentin, to allow new dentin formation and to cut off any nutrient supply to bacteria, to make them dormant.\[[@ref7][@ref20]\] However, it is a subject of debate of whether or not to leave residual bacteria underneath bonded restorations.\[[@ref21]\] Also, caries-affected dentin poses certain problems with bonded restorations.\[[@ref7][@ref9][@ref10]\] Dentinal tubules of caries-affected dentin have acid-resistant mineral casts, which hamper resin infiltration into the dentinal tubules.\[[@ref22]\] This can lower resin retention, particularly when relatively mild-acting, self-etching primers are used. Also the long-term effects of incorporating dissolved hydroxyapatite crystals and residual smear layer remnants within the bond are still unknown.

The objectives of this study were to evaluate the effect of simulated clinical conditions on the microtensile bond strength and the marginal adaptation of bonding of a self-etch adhesive and a total-etch adhesive to carious-affected dentin and compare it with the effect on normal dentin. The μTBS of total-etch adhesives on normal dentin was higher than the self-etching adhesives (*P* = 0.00148). This was in accordance with some of the previous studies.\[[@ref1][@ref2][@ref13][@ref15][@ref23]--[@ref25]\] The value of μTBS decreased significantly in the carious dentin groups, both in the total-etch (17.423 MPa) and self-etch (22.907 MPa) techniques, although the total-etch technique showed a significantly higher bond strength (*P*= 0.000116). Thermal and mechanical loading had a detrimental effect on the resin-dentin interface and the value of μTBS significantly decreased in all the groups after simulation of the oral, thermal, and mechanical stresses. Overall, the samples restored with total-etch adhesives gave better μTBS values than those restored with the self-etch adhesives. In the present study, the resin-dentin margin was directly visualized under a low vaccum scanning electron microscope. The margin was evaluated for marginal gap formation. The maximum amount of marginal opening was measured and scores were given as described under 'Materials and Methods'. Values of marginal adhesives had categorical variables; the groups were compared using proportions of samples, with a particular score in each group. The thermal and mechanical loading deteriorated the marginal adaptation of both the total-etch and self-etch groups. In the self-etch adhesive group, 40% of the samples had no marginal gap, but the number decreased to 20% after loading. Moreover, there was an increase of 10% in the samples with a marginal gap of \< 30 μm and a marginal gap of = 30 μm. Similarly, in the total-etch adhesive group, there was a decrease of 40% in the samples with no marginal gap. Also there was a 30% increase in samples with a marginal gap of = 30 μm. Thus, it was observed that thermal and mechanical stresses created marginal gaps in additional samples, where none existed, and increased the number of gaps as well as widened the existing gaps after loading. There was no correlation between the microtensile bond strength and marginal adaptation. The values obtained in this study were lower when compared to the values obtained using flat dentinal surfaces. The possible explanation could be the effect of the cavity configuration factor. Bouillaguet, in 2001, had reported a 20% reduction in the bond strength of class II cavity walls compared to flat dentinal surfaces.\[[@ref26]\] Also it was reported that tensile bond strength was lower at the apical wall when compared to the occlusal wall, because of the direction of the tubules.\[[@ref27]\]

This study has shown that total-etch systems perform better on caries-affected dentin under thermal and mechanical loading. The conditions in the oral cavity were different from the laboratory conditions, although methods were used to simulate the oral environment. Therefore, the results of this study have to be verified with a long-term clinical study.
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